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(54) DISPLAY DEVICE AND METHOD FOR DRIVING DISPLAY DEVICE

(57) A matrix type display device including: a photo-
sensor (54), provided in a display region, for outputting
a signal corresponding to an intensity of light emitted to
the photosensor; a TFT (52) of n-channel type, the TFT
serving as a source follower including a gate to which
the signal is inputted; and light intensity detecting means
for detecting the intensity of the light by detecting an out-
put of the source follower, which is the TFT (52). The
TFT (52) includes a drain to which a first pulse signal
(Vpulse2) having a first pulse is inputted, the first pulse
rising from a low level to a high level in a state where the
signal is inputted to the gate of the TFT (52).
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Description

Technical Field

[0001] The present invention relates to a display device including a display region provided with a photosensor.

Background Art

[0002] There is a liquid crystal display device including a pixel circuit provided with a photosensor. Efforts are now
made to apply such the liquid crystal display device to fingerprint authentication, touch panels, etc.
[0003] Fig. 6 shows (i) a configuration of a display region included in such the display device described in Patent
Literature 1 and (ii) a block diagram of a circuit for driving the display region.
[0004] In the display region, a pixel 18, which constitutes an array, includes a sensor circuit 10, in addition to a display
circuit including a liquid crystal capacitor CLC, an auxiliary capacitor C2, a TFT M4, etc. The sensor circuit 10 includes
an amplifier TFT M1 of n-channel type, a photosensor D1, and a capacitor C1.
[0005] In the display circuit, a gate of the TFT M4 is connected with a gate line GL, and a source of the TFT M4 is
connected with a data line 6’. The liquid crystal capacitor CLC is formed between (i) a pixel electrode connected with a
drain of the TFT M4 and (ii) a common electrode to which a common voltage VCOM is applied. The auxiliary capacitor
C2 is formed between the pixel electrode and a common wire TFTCOM.
[0006] The gate line GL and the common wire TFTCOM are driven by a gate driver 15, whereas the data line 6’ is
driven by a source driver 14.
[0007] In the sensor circuit 10, a cathode of the photosensor D1 and one end of the capacitor C1 are connected with
each other, and a gate of the amplifier TFT M1 is connected with a point at which the photosensor D1 and the capacitor
C1 are connected with each other. A drain of the amplifier TFT M1 is connected with the data line 6’, and a source of
the amplifier TFT M1 is connected with a sensor output wire 6. The data line 6’ is driven by a sensor read-out driver 17
via a switch (not illustrated) during a sensor driving period, which is not included in a data signal writing period. A voltage
of the sensor output wire 6 is read by the sensor read-out driver 17.
[0008] An anode of the photosensor D1 is connected with a reset wire RST, and the other end of the capacitor C1 is
connected with a row selection wire RS. The reset wire RST and the row selection wire RS are driven by a sensor row
driver 16.
[0009] Fig. 7 shows a concrete configuration of the sensor circuit 10 in detail. The drain of the amplifier TFT M1 is
connected with the data line 6’. Further, the drain of the amplifier TFT M1 is supplied with a voltage Vdd from the sensor
read-out driver 17 during the sensor driving period. The source of the amplifier TFT M1 outputs a sensor output voltage
Vout to the sensor output wire 6. Between the gate and the drain of the amplifier TFT M1, a capacitor Cagd is formed.
Between the gate and the source of the amplifier TFT M1, a capacitor Cags is formed.
[0010] The photosensor D1 is constituted by a diode-connected TFT 101. The photosensor D1 includes (i) an anode
A, which is constituted by connection of a gate and a drain of the TFT 101, and (ii) a cathode K, which is constituted by
a source of the TFT 101. The anode A is supplied with a voltage Vrst from the reset wire RST. Between the anode A
and the cathode K, i.e., between the gate and the source of the TFT 101, a capacitor Cdgs is formed.
[0011] The capacitor C1 has a capacitor value Cst. The other end of the capacitor C1 is supplied with a voltage Vpulse1
from the row selection wire RS.
[0012] The gate of the amplifier TFT M1, the cathode of the photosensor D1, and the one end of the capacitor C1 are
connected with each other at a point, which is referred to as a node NetA.
[0013] Next, with reference to Fig. 8, the following will describe how the sensor circuit 10 having the above configuration
operates.
[0014] During the sensor driving period, the data line 6’ is disconnected from the source driver 14, and is connected
with the sensor read-out driver 17. At a time t1, which is the beginning of the sensor driving period, the voltage Vrst,
which is applied to the reset wire RST by the sensor row driver 16, is set to a high level (here, 0V). This allows the
photosensor D1 to become conductive in a forward direction, so that an electric potential VnetA at the node NetA is set
to a high level (here, 0V). Further, at the time t1, the voltage Vpulse1, which is applied to the row selection wire RS by
the sensor row driver 16, is set to a low level (here, 0V). The voltage Vdd, which is applied to the data line 6’ by the
sensor read-out driver 17, is set to 15V which is a direct-current voltage.
[0015] Subsequently, at a time t2, the sensor row driver 16 sets the voltage Vrst to a low level (here, -10V). At the
time t2, the photosensor D1 is put into an inverse-bias state, since an electric potential at the anode A becomes lower
than that at the cathode K.
[0016] From the time t2, a charging period T1 begins. In the charging period T1, the node NetA is charged according
to an intensity of light emitted to the photosensor D1. When light is emitted to the photosensor D1, an amount of a
leakage current flowing from the cathode K to the anode A changes according to the intensity of the emitted light. In a
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light part, the amount of leakage current is large; therefore, an electric potential at the anode A, i.e., the electric potential
VnetA is reduced rapidly. On the other hand, in a dark part, the amount of leakage current is small; therefore, the electric
potential VnetA is reduced slowly.
[0017] At a time t3, at which the charging period T1 ends, the sensor row driver 16 sets the voltage Vpulse1 to a high
level (here, 20V). In response to this, the electric potential VnetA is boosted from a negative electric potential to a positive
electric potential, due to capacitive coupling by the capacitor C1, and an electric potential difference between the light
part and the dark part is maintained. At the time t3, the amplifier TFT M1 becomes conductive; however, the electric
potential VnetA, i.e., the electric potential at the gate of the amplifier TFT M1 is boosted, due to a bootstrap effect through
capacitive coupling between the capacitor Cagd and the capacitor Cags. Consequently, the amplifier TFT M1 outputs,
from the source, an output voltage Vout which is higher than that obtained in a case where no bootstrap effect is given.
From the time t3, an output period T2, which is for sensor output, begins.
[0018] Here, assume that a total capacitor value Ctotal is expressed by: 

(each capacitor value in the right-hand side is indicated by a name of the corresponding capacitor), and 

Then, a boost value ∆VnetA, which is a value by which the electric potential VnetA is boosted by the voltage Vpulse1,
is expressed by: 

Note that "Vpulse1p-p" represents a peak-to-peak voltage of Vpulse1. In the above example, Vpulse1p-p is 20V.
[0019] The output voltage Vout has a value corresponding to the electric potential VnetA. Therefore, by reading the
output voltage Vout by the sensor read-out driver 17 in the output period T2, it is possible to detect the sensor output of
the photosensor D1, i.e., the intensity of the light emitted to the photosensor D1.
[0020] At a time t4, at which the output period T2 ends, the sensor row driver 16 sets the voltage Vpulse1 to a low
level (here, 0V). Thus, the sensor driving period ends.

Citation List

[Patent Literature]

[0021]

[Patent Literature 1]
International Publication, No. WO 2007/145347 (Publication Date: December 21, 2007)
[Patent Literature 2]
Japanese Patent Application Publication, Tokukai, No. 2005-217708 A (Publication Date: August 11, 2005)
[Patent Literature 3]
Japanese Patent Application Publication, Tokukaihei, No. 11-26740 A (Publication Date: January 29, 1999)

Summary of Invention

Technical Problem

[0022] However, according to the conventional sensor circuit 10, in a case where a sensor output of a photosensor
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D2 is detected during the output period T2, the output voltage Vout is the one obtained as a result of charging a load(s)
(e.g., a hold capacitor in the sensor output wire 6 or a hold capacitor in an input part of an analog-digital converting
circuit) provided in the downstream of the source of the amplifier TFT M 1. Therefore, actually, as shown in Fig. 9, the
output voltage Vout increases with a certain time constant. Consequently, a difference level between (i) a final value of
the output voltage Vout in the light part and (ii) a final value of the output voltage Vout in the dark part, both of which
final values are obtained in the output period T2, is detected as a light-dark difference. However, since the amplifier TFT
M 1 serves as a source follower, a maximum final value of the output voltage Vout in the output period T2 is "Vout =
VnetA - Vth ≤ Vdd" ("Vth" represents a threshold voltage of the amplifier TFT M1). Thus, a difference between (i) the
final value of the output voltage Vout which can be obtained in the light part and (ii) the final value of the output voltage
Vout which can be obtained in the dark part is limited. Conventionally, the difference between the final values is so small
that it is impossible to reliably distinguish between light and dark.
[0023] Furthermore, in a case of a display device having a higher resolution, a quite short sensor driving period is
allocated to (i) each sensor circuit 10 or (ii) sensor circuits 10 in each row. Accordingly, it is indispensable to set the
output period T2 so as (i) to end before the amplifier TFT M 1, which serves as a source follower, is switched from a
conductive state to a non-conductive state and (ii) to be very short so as to satisfy the relationship "Vout < VnetA - Vth".
This makes it more difficult to distinguish between light and dark.
[0024] Here, assume a case where a display panel is made of amorphous silicon. A TFT made of amorphous silicon
has a high threshold voltage Vth and a low mobility. Accordingly, in this case, the amplifier TFT M1 has a lower ability
as an amplifier than that of a TFT made of polysilicon. Therefore, in order to overcome the difficulty in distinguishing
between light and dark, it is necessary to increase the electric potential VnetA when the amplifier TFT M1 performs
output, for the purpose of securing a large output current, i.e., securing a wide dynamic range of the sensor output.
Further, also in the case of the TFT made of polysilicon, in order to obtain a wider dynamic range, it is necessary to
increase the electric potential VnetA, as with the above case.
[0025] In order to increase the electric potential VnetA, the following methods are considered: 1) increasing the peak-
to-peak voltage Vpulse1p-p of the voltage Vpulse1; 2) increasing the capacitor value Cst of the capacitor C1; 3) increasing
the voltage Vdd; and 4) increasing a channel width W of the amplifier TFT M1. However, with the method 1), it is necessary
enhance the durability of an IC (e.g., the sensor row driver 16) which supplies the voltage Vpulse1; therefore, the method
1) has a disadvantage of increasing cost. With the method 2), an area occupied by the capacitor C 1 is increased;
therefore, the method 2) has a disadvantage of reducing an aperture ratio of a pixel. With the method 3), it is necessary
to increase the durability of an IC (e.g., the sensor read-out driver 17) which supplies the voltage Vdd; therefore, the
method 3) has a disadvantage of increasing cost and a consumption current. With the method 4), an area occupied by
the amplifier TFT M 1 is increased; therefore, the method 4) has a disadvantage of reducing an aperture ratio of a pixel.
[0026] Thus, in enlarging the dynamic range of the sensor output, the conventional display device including the pixel
provided with the photosensor involves the problems of (i) increasing the power source voltage for the photosensor and
(ii) reducing the aperture ratio of the pixel.
[0027] The present invention was made in view of the foregoing problems, and an object of the present invention is
to provide: (i) a display device including a display region provided with a photosensor, which display device is capable
of enlarging a dynamic range of a sensor output, without (a) increasing a power source voltage for the photosensor or
(b) reducing an aperture ratio of a pixel; and (ii) a method for driving the display device.

Solution to Problem

[0028] In order to solve the foregoing problems, a display device of the present invention is a display device of matrix
type, including: photosensors, provided in a display region, each for outputting a signal corresponding to an intensity of
light emitted to the photosensor; thin-film transistors of n-channel type, the thin-film transistors each serving as a source
follower including a gate to which the signal is inputted; and light intensity detecting means for detecting the intensity of
the light by detecting an output of the source follower, which is the thin-film transistor, each thin-film transistor including
a drain to which a first pulse signal having a first pulse is inputted, the first pulse rising from a low level to a high level
in a state where the signal is inputted to the gate of the thin-film transistor.
[0029] According to the above invention, if the first pulse of the first pulse signal is applied to the drain of the TFT in
the state where the signal outputted by the photosensor is inputted to the gate of the TFT, an electric potential at the
gate increases due to capacitive coupling between the gate and the drain of the TFT. In addition, the electric potential
at the gate further increases due to capacitive coupling between the gate and the source of the TFT, which has become
conductive. Accordingly, the electric potential at the gate of the TFT increases more largely as compared with the
conventional configuration. Therefore, the output of the source follower, which output has an electric potential corre-
sponding to the electric potential at the gate, also has an electric potential higher than that obtained in the conventional
configuration.
[0030] Thus, the output of the source follower is increased, i.e., the dynamic range of the output of the photosensor
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is enlarged. With this, it is possible to detect, by the light intensity detecting means, a greater light-dark difference with
respect to the light emitted to the photosensor, as compared with that of the conventional configuration. Furthermore,
according to the above invention, it is possible to enlarge the dynamic range without (i) increasing a power source voltage
for the photosensor or (ii) increasing a size of an element in order to increase the electric potential at the gate.
[0031] Thus, the above invention makes it possible to provide a display device including a display region provided
with a photosensor, which display device is capable of enlarging a dynamic range of a sensor output, without (a) increasing
a power source voltage for the photosensor or (b) reducing an aperture ratio of a pixel.
[0032] In order to solve the foregoing problems, the display device of the present invention includes a capacitor having
a first end connected with the gate, the capacitor having a second end which is opposite to the first end and to which a
second pulse signal having a second pulse is inputted, the second pulse rising from a low level to a high level before a
timing at which the first pulse rises, and the second pulse falling from the high level to the low level after the timing at
which the first pulse rises.
[0033] According to the above invention, the second pulse of the second pulse signal is applied to the gate of the TFT
via the capacitor before the first pulse rises. This makes it possible to increase the electric potential at the gate in advance.
Therefore, when the first pulse is applied to the drain of the TFT, the electric potential at the gate increases quite largely.
[0034] In order to solve the foregoing problems, the display device of the present invention is configured such that the
second pulse falls from the high level to the low level after a timing at which the first pulse falls.
[0035] According to the above invention, it is possible to detect the output of the source follower throughout a period
of the first pulse. With this, a period for detecting the output of the source follower can be easily set only on the basis of
the timing of the period of the first pulse.
[0036] In order to solve the foregoing problems, the display device of the present invention is configured such that (i)
an electric potential of the high level of the first pulse and (ii) an electric potential of the high level of the second pulse
are equal to each other.
[0037] According to the above invention, it is possible to supply both of (i) the high level of the first pulse and (ii) the
high level of the second pulse by using a single power source. This makes it possible to prevent the configuration of the
power source section from becoming complex.
[0038] In order to solve the foregoing problems, the display device of the present invention is configured such that, at
an earlier one of (i) a timing at which the first pulse ends and (ii) a timing at which the second pulse ends, the output of
the source follower has an electric potential lower than an electric potential obtained by subtracting (i) a threshold voltage
of the thin-film transistor from (ii) an electric potential at the gate of the thin-film transistor.
[0039] According to the above invention, even if an output period in which the source follower performs output is too
short to allow the output of the source follower to reach an electric potential which puts the TFT into a non-conductive
state, it is possible to easily distinguish between light and dark, thanks to the enlarged dynamic range of the output of
the source follower. This makes it possible to detect light with a high resolution and at a high speed.
[0040] In order to solve the foregoing problems, the display device of the present invention is configured such that the
photosensor and the thin-film transistor are provided in each pixel row.
[0041] According to the above invention, the photosensor and the TFT are provided for each pixel row. Therefore, in
a case where light detection is performed for the pixel rows one by one in order by scanning, even if each scanning
period is short and accordingly the output period in which the source follower performs output becomes short, it is
possible to easily distinguish between light and dark, thanks to the enlarged dynamic range of the output of the source
follower. This makes it possible to detect light with a high resolution and at a high speed.
[0042] In order to solve the foregoing problems, the display device of the present invention is configured such that the
display region is made of amorphous silicon.
[0043] According to the above invention, even in the case where the TFT is made of amorphous silicon and accordingly
has a lower ability as an amplifier, it is possible to easily distinguish between light and dark, thanks to the enlarged
dynamic range of the output of the source follower.
[0044] In order to solve the foregoing problems, the display device of the present invention is configured such that the
first pulse signal is generated by a circuit provided in the display region in a form of a chip on glass.
[0045] According to the above invention, it is possible to use, as the circuit which generates the first pulse signal and
is provided by COG (Chip On Glass), an IC chip made according to conventional architecture with the power source
voltage unchanged. This makes it possible to prevent an increase in cost.
[0046] In order to solve the foregoing problems, the display device of the present invention is configured such that the
photosensor is a diode-connected transistor, and the photosensor includes a cathode connected with the gate of the
thin-film transistor.
[0047] According to the above invention, since an amount of a leakage current flowing from the cathode of the pho-
tosensor to the anode of the photosensor changes according to the intensity of the emitted light, it is possible to derive
the output of the source follower from the electric potential at the gate of the TFT, which electric potential corresponds
to the leakage current.
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[0048] In order to solve the foregoing problems, the display device of the present invention is configured such that the
display region includes liquid crystal as a display element.
[0049] According to the above invention, in a liquid crystal display device provided with a photosensor, it is possible
to easily distinguish between light and dark, thanks to the enlarged dynamic range of the output of the source follower.
[0050] In order to solve the foregoing problems, a method of the present invention for driving a display device is a
method for driving a display device of matrix type, the display device including: photosensors, provided in a display
region, each for outputting a signal corresponding to an intensity of light emitted to the photosensor; thin-film transistors
of n-channel type, the thin-film transistors each serving as a source follower including a gate to which the signal is
inputted; and light intensity detecting means for detecting the intensity of the light by detecting an output of the source
follower, which is the thin-film transistor, said method including: inputting a first pulse signal having a first pulse to a
drain of each thin-film transistor, the first pulse rising from a low level to a high level in a state where the signal is inputted
to the gate of the thin-film transistor.
[0051] According to the above invention, if the first pulse of the first pulse signal is applied to the drain of the TFT in
the state where the signal outputted by the photosensor is inputted to the gate of the TFT, an electric potential at the
gate increases due to capacitive coupling between the gate and the drain of the TFT. In addition, the electric potential
at the gate further increases due to capacitive coupling between the gate and the source of the TFT, which has become
conductive. Accordingly, the electric potential at the gate of the TFT increases more largely as compared with the
conventional configuration. Therefore, the output of the source follower, which output has an electric potential corre-
sponding to the electric potential at the gate, also has an electric potential higher than that obtained in the conventional
configuration.
[0052] Thus, the output of the source follower is increased, i.e., the dynamic range of the output of the photosensor
is enlarged With this, it is possible to detect, by the light intensity detecting means, a greater light-dark difference with
respect to the light emitted to the photosensor, as compared with that of the conventional configuration. Furthermore,
according to the above invention, it is possible to enlarge the dynamic range without (i) increasing a power source voltage
for the photosensor or (ii) increasing a size of an element in order to increase the electric potential at the gate.
[0053] Thus, the above invention makes it possible to provide a method for driving a display device including a display
region provided with a photosensor, which method is capable of enlarging a dynamic range of a sensor output, without
(a) increasing a power source voltage for the photosensor or (b) reducing an aperture ratio of a pixel.
[0054] In order to solve the foregoing problems, the method of the present invention for driving the display device
includes: inputting, via a capacitor, a second pulse signal having a second pulse to the gate, the second pulse rising
from a low level to a high level before a timing at which the first pulse rises, and the second pulse falling from the high
level to the low level after the timing at which the first pulse rises.
[0055] According to the above invention, the second pulse of the second pulse signal is applied to the gate of the TFT
via the capacitor before the first pulse rises. This makes it possible to increase the electric potential at the gate in advance.
Therefore, when the first pulse is applied to the drain of the TFT, the electric potential at the gate increases quite largely.
[0056] In order to solve the foregoing problems, in the method of the present invention for driving the display device,
the second pulse falls from the high level to the low level after a timing at which the first pulse falls.
[0057] According to the above invention, it is possible to detect the output of the source follower throughout a period
of the first pulse. With this, a period for detecting the output of the source follower can be easily set only on the basis of
the timing of the period of the first pulse.
[0058] In order to solve the foregoing problems, in the method of the present invention for driving the display, (i) an
electric potential of the high level of the first pulse and (ii) an electric potential of the high level of the second pulse are
equal to each other.
[0059] According to the above invention, it is possible to supply both of (i) the high level of the first pulse and (ii) the
high level of the second pulse by using a single power source. This makes it possible to prevent the configuration of the
power source section from becoming complex.
[0060] In order to solve the foregoing problems, the method of the present invention for driving the display device
includes: setting a period of the first pulse so that, at an earlier one of (i) a timing at which the first pulse ends and (ii) a
timing at which the second pulse ends, the output of the source follower has an electric potential lower than an electric
potential obtained by subtracting (i) a threshold voltage of the thin-film transistor from (ii) an electric potential at the gate
of the thin-film transistor.
[0061] According to the above invention, even if an output period in which the source follower performs output is too
short to allow the output of the source follower to reach an electric potential which puts the TFT into a non-conductive
state, it is possible to easily distinguish between light and dark, thanks to the enlarged dynamic range of the output of
the source follower. This makes it possible to detect light with a high resolution and at a high speed.
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Advantageous Effects of Invention

[0062] As described above, a display device of the present invention is a display device of matrix type, including:
photosensors, provided in a display region, each for outputting a signal corresponding to an intensity of light emitted to
the photosensor; thin-film transistors of n-channel type, the thin-film transistors each serving as a source follower including
a gate to which the signal is inputted; and light intensity detecting means for detecting the intensity of the light by detecting
an output of the source follower, which is the thin-film transistor, each thin-film transistor including a drain to which a
first pulse signal having a first pulse is inputted, the first pulse rising from a low level to a high level in a state where the
signal is inputted to the gate of the thin-film transistor.
[0063] Thus, the above invention makes it possible to provide a display device including a display region provided
with a photosensor, which display device is capable of enlarging a dynamic range of a sensor output, without (a) increasing
a power source voltage for the photosensor or (b) reducing an aperture ratio of a pixel.
[0064] As described above, a method of the present invention for driving a display device is a method for driving a
display device of matrix type, the display device including: photosensors, provided in a display region, each for outputting
a signal corresponding to an intensity of light emitted to the photosensor; thin-film transistors of n-channel type, the thin-
film transistors each serving as a source follower including a gate to which the signal is inputted; and light intensity
detecting means for detecting the intensity of the light by detecting an output of the source follower, which is the thin-
film transistor, said method including: inputting a first pulse signal having a first pulse to a drain of each thin-film transistor,
the first pulse rising from a low level to a high level in a state where the signal is inputted to the gate of the thin-film transistor.
[0065] Thus, the above invention makes it possible to provide a method for driving a display device including a display
region provided with a photosensor, which method is capable of enlarging a dynamic range of a sensor output, without
(a) increasing a power source voltage for the photosensor or (b) reducing an aperture ratio of a pixel.

Brief Description of Drawings

[0066]

Fig. 1
Fig. 1, related to an embodiment of the present invention, is a view illustrating a sensor circuit. (a) of Fig. 1 is a
circuit diagram illustrating a configuration of the sensor circuit, whereas (b) of Fig. 1 is a timing chart illustrating how
the sensor circuit shown in (a) of Fig. 1 operates.
Fig. 2
Fig. 2 is a waveform chart illustrating waveforms of voltages and an electric potential, which specifically shows how
the sensor circuit shown in Fig. 1 operates.
Fig. 3
Fig. 3 is a waveform chart comparing (i) part of the waveforms shown in Fig. 2 with (ii) waveforms observed in
conventional art.
Fig. 4
Fig. 4, related to the embodiment of the present invention, is a block diagram illustrating a configuration of a display
device.
Fig. 5
Fig. 5 is a circuit block diagram illustrating a configuration of a display panel included in the display device shown
in Fig. 4.
Fig. 6
Fig. 6, related to the conventional art, is a circuit block diagram illustrating a configuration of a display device provided
with a photosensor.
Fig. 7
Fig. 7, related to the conventional art, is a circuit diagram illustrating a configuration of a sensor circuit.
Fig. 8
Fig. 8 is a timing chart illustrating how the sensor circuit shown in Fig. 7 operates.
Fig. 9
Fig. 9 is a waveform chart illustrating waveforms of voltages and an electric potential, which specifically shows how
the sensor circuit shown in Fig. 7 operates.

Description of Embodiments

[0067] The following will describe one embodiment of the present invention with reference to Figs. 1 through 5.
[0068] Fig. 4 shows a configuration of a liquid crystal display device 1 (display device) of the present embodiment.
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[0069] The liquid crystal display device 1 is an active matrix display device, and includes a display panel 2 and a host
controller 3.
[0070] The display panel 2 includes a display/sensor region 2a, a source driver 4 (i.e., a circuit for driving data signal
lines), a gate scanning circuit 5 (i.e., a circuit for driving scanning signal lines), and a sensor scanning circuit 6. The
display/sensor region 2a is included in the display panel 2 and is made of amorphous silicon, polysilicon, CG (Continuous
Grain) silicon, microcrystalline silicon, or the like. Further, the display/sensor region 2a includes pixels (one of which is
shown in later-described Fig. 5) and sensor circuits SC, the pixels and the sensor circuits SC being arranged in a matrix.
The source driver 4 is an LSI chip directly mounted on the display panel 2, and is provided in the form of a so-called
COG (Chip On Glass). The source driver 4 outputs, to the data signal lines, a data signal for the pixel in the display/
sensor region 2a, and processes an output from the sensor circuit. The gate scanning circuit 5 outputs a scanning signal
to the scanning signal line, which scanning signal is used to write the data signal to the pixel in the display/sensor region
2a. The sensor scanning circuit 6 supplies a necessary voltage to the sensor circuit in the display/ sensor region 2a.
[0071] The host controller 3 is a control board provided in the outside of the display panel 2. The host controller 3
supplies, to the source driver 4, (i) display data to be supplied to the source driver 4, (ii) a clock signal, a start pulse, etc.
to be supplied to the gate scanning circuit 5, and (iii) a clock signal, a start pulse, a power source voltage, etc. to be
supplied to the sensor scanning circuit 6. The signals and the voltages are supplied to the gate scanning circuit 5 and
the sensor scanning circuit 6 via the source driver 4.
[0072] Fig. 5 shows a connection relationship between the display/sensor region 2a and the source driver 4.
[0073] In the display/sensor region 2a, each pixel is constituted by a group including a picture element PIXR for "R",
a picture element PIXG for "G", and a picture element PIXB for "B". For each pixel, one sensor circuit SC is provided.
In each pixel, the picture element PIXR, the picture element PIXG, and the picture element PIXB are driven by time
division in one horizontal period. Each picture element is provided at an intersection of one scanning signal line GL and
its corresponding data signal line SL (for "R", SLR; for "G", SLG; for "B", SLB). Further, a data signal is written into a
liquid crystal capacitor CL by a TFT 51, which serves as a selection element. The data signal line SLR, the data signal
line SLG, and the data signal line SLB are connected with a single one of terminals P of the source driver 4, via a switch
SWR, a switch SWG, and a switch SWB, respectively. Note that the colors expressed by the picture elements are not
limited to the three color "RGB" exemplified above, and may be any colors.
[0074] Each sensor circuit SC is provided so as to be connected with corresponding picture elements in a region
opposite to a corresponding terminal P. Between the region and the terminal P, there provided its corresponding switches
SWR, SWG, and SWB. Further, the sensor circuit SC includes an amplifier TFT (TFT) 52 of n-channel type, a capacitor
53, and a photosensor 54. The amplifier TFT 52 has a similar configuration to that of the amplifier TFT M1 shown in Fig.
6, the capacitor 53 has a similar configuration to that of the capacitor C1 shown in Fig. 6, and the photosensor 54 has
a similar configuration to that of the photosensor D1 shown in Fig. 6. A drain terminal of the amplifier TFT 52 is connected
with the data signal line SLG, whereas a source terminal of the amplifier TFT 52 is connected with the data signal line
SLB. The capacitor 53 and the photosensor 54 are connected with each other in series at a point located on the cathode
side of the photosensor 54. Further, the point, which is a node NetA, is connected with a gate of the amplifier TFT 52.
The other end of the capacitor 53 is connected with the sensor scanning circuit 6 via a corresponding one of row selection
lines RS, which are provided for their respective pixel rows. Further, an anode of the photosensor 54 is connected with
the sensor scanning circuit 6 via a corresponding one of reset wires RST, which are provided for their respective pixel
rows. A row selection line RS for each pixel row is connected with the other ends of all capacitors 53 provided in the
pixel row. A reset wire RST for each pixel row is connected with anodes of all photosensors 54 provided in the pixel row.
Further, one end of the data signal line SLG, which end is located on the opposite side to the terminal P, is connected
with a power source V0 via a switch SWS.
[0075] In the source driver 4, output terminals of the source input/output circuit 47 are connected with their corre-
sponding terminals P. The source output circuit 47 includes stages each constituted by a pair including (i) a buffer 47a
which is made of a voltage follower of an operational amplifier and (ii) a switch section 47b. Each stage is connected
with a corresponding one of the terminals P. An input terminal of the buffer 47a is connected with an output terminal of
the digital-analog conversion circuit 46, whereas an output terminal of the buffer 47a is connected with the terminal P.
The switch section 47b is a circuit for connecting an input terminal of the analog-digital conversion circuit 45 with the
terminal P and disconnecting the input terminal of the analog-digital conversion circuit 45 from the terminal P. The digital-
analog conversion circuit 46 uses a power source and GND each of which is provided exclusively for the digital-analog
conversion circuit 46, and the analog-digital conversion circuit 45 uses a power source and GND each of which is provided
exclusively for the analog-digital conversion circuit 45.
[0076] In a display period, in which display is performed by the picture elements in the display/sensor region 2a, the
power source for the buffers 47a turns on, and the switch section 47b disconnects the input terminal of the analog-digital
conversion circuit 45 from the terminal P. As a result, source outputs (data signals) Vd of RGB are supplied to the display/
sensor region 2a in time series. In the display/sensor region 2a, the corresponding switches SWR, SWG, and SWB turn
on one by one in order. Consequently, the source outputs Vd are supplied to the data signal lines SLR, SLG, and SLB
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in order, so that display is performed by the picture elements PIXR, PIXG, and PIXB. At this moment, the switch SWS is off.
[0077] In a sensor driving period, in which (i) an intensity of light emitted by a backlight or (ii) an intensity of light
externally emitted is detected in the display/sensor region 2a, the switches SWR, SWG, and SWB are turned off, whereas
the switch SWS is turned on, so that the data signal line SLG is connected with the power source V0. Further, by charging
in advance the capacitor 53 to a predetermined voltage using a forward-direction voltage inputted from the sensor
scanning circuit 6 to the photosensor 54, the gate of the amplifier TFT 52 is allowed to have a voltage corresponding to
the intensity of the light emitted to the photosensor 54, during the period for detecting the light intensity. This allows the
data signal line SLB to have a voltage corresponding to the detected light intensity. Therefore, the switch SWB is turned
on, and the data signal line SLB is connected with the terminal P of the source driver 4.
[0078] While the above operation is performed, in the source driver 4, the power supply for the buffer 47a is cut off,
so that an output of the buffer 47a goes into a high impedance state, and the switch section 47b connects the input
terminal of the analog-digital conversion circuit 45 with the terminal P. In response to this, a sensor voltage Vs, which
is an analogue output of the sensor circuit SC, is inputted to the analog-digital conversion circuit 45. The analog-digital
conversion circuit 45 converts the inputted sensor voltage Vs into digital data. The digital data is used by a latter process
circuit as a detection result of the light intensity.
[0079] Thus, the source driver 4 serves as light intensity detecting means for detecting the intensity of the light emitted
to the photosensor 54.
[0080] Next, with reference to Fig. 1, the following will specifically describe (i) a configuration of each sensor circuit
SC in the liquid crystal display device 1 having the above configuration and (ii) how such the sensor circuit SC operates.
[0081] (a) of Fig. 1 shows a configuration of the sensor circuit SC in detail. During the sensor driving period, the drain
of the amplifier TFT 52 is supplied with a voltage (first pulse signal) Vpulse2 from the power source V0 via the switch
SWS and the data signal line SLG. The source of the amplifier TFT 52 outputs a sensor output voltage Vout to the data
signal line SLB, which serves as a sensor output wire. Between the gate and the drain of the amplifier TFT 52, a capacitor
Cagd is formed. Between the gate and the source of the amplifier TFT 52, a capacitor Cags is formed.
[0082] The photosensor 54 is constituted by a diode-connected TFT (transistor) 11. The photosensor 54 includes (i)
an anode A, which is constituted by connection of a gate and a drain of the TFT 11, and (ii) a cathode K, which is
constituted by a source of the TFT 11. The anode A is supplied with a voltage Vrst from the reset wire RST. Between
the anode A and the cathode K, i.e., between the gate and the source of the TFT 11, a capacitor Cdgs is formed.
[0083] The capacitor 53 has a capacitor value Cst. Further, one end of the capacitor 53, which end is located on the
row selection wire RS side, is supplied with a voltage (second pulse signal) Vpulse1 from the row selection wire RS.
[0084] Next, with reference to (b) of Fig. 1, the following will describe how the sensor circuit SC having the above
configuration operates.
[0085] In the sensor driving period, the data signal line SLG is disconnected from the source driver 4, since the switch
SWG is turned off. On the other hand, the data signal line SLB is connected with the source driver 4, since the switch
SWB is turned on. Furthermore, in the source driver 4, the corresponding terminal P is connected with the input terminal
of the analog-digital conversion circuit 45 by the switch section 47b. At a time t1, which is the beginning of the sensor
driving period, the voltage Vrst, which is applied to the reset wire RST by the sensor scanning circuit 6, is set to a high
level (here, 0V). This causes the photosensor 54 to become conductive in a forward direction, so that an electric potential
VnetA at the node NetA becomes a high level (here, 0V). Further, at the time t1, the voltage Vpulse1, which is applied
to the row selection wire RS by the sensor scanning circuit 6, is set to a low level (here, 0V), and the voltage Vpulse2,
which is applied to the data signal line SLG by the power source V0, is set to a low level (here, 0V).
[0086] Subsequently, at a time t2, the sensor scanning circuit 6 sets the voltage Vrst to a low level (here, -10V). At
the time t2, the photosensor 54 is put into an inverse-bias state, since the anode A has a lower electric potential than
that of the cathode K.
[0087] From the time t2, a charging period T1 begins. In the charging period T1, the node NetA is charged according
to an intensity of light emitted to the photosensor 54. When light is emitted to the photosensor 54, an amount of a leakage
current flowing from the cathode K to the anode A changes according to the intensity of the emitted light. In a light part,
the amount of leakage current is large; therefore an electric potential at the cathode K, i.e., the electric potential VnetA
is reduced rapidly. On the other hand, in a dark part, the amount of leakage current is small; therefore, the electric
potential VnetA is reduced slowly. The electric potential VnetA in the charging period T1 becomes a signal corresponding
to the intensity of light emitted to the photosensor 54.
[0088] At a time t3, at which the charging period T1 ends, the sensor scanning circuit 6 sets the voltage Vpulse1 to a
high level (here, 20V). In response to this, the electric potential VnetA is boosted from a negative electric potential to a
positive electric potential, due to capacitive coupling by the capacitor 53. At this moment, an electric potential difference
between the light part and the dark part is maintained. However, since the voltage Vpulse2 is still at the low level, an
electric current is not flown into the amplifier TFT 52 yet.
[0089] Subsequently, at a time t4 after the time t3, the voltage Vpulse2 of the power source V0 is set to a high level
(here, 20V). In response to this, the amplifier TFT 52 becomes conductive. However, the electric potential VnetA, i.e.,



EP 2 302 489 A1

10

5

10

15

20

25

30

35

40

45

50

55

an electric potential at the gate of the amplifier TFT 52 is further boosted by a bootstrap effect through capacitive coupling
between the capacitor Cagd and the capacitor Cags: Thanks to the boosting achieved by inputting the pulse of the
voltage Vpulse2 to the drain of the amplifier TFT 52, the electric potential VnetA becomes higher as compared with a
case where a constant voltage is always applied to the drain of the amplifier TFT 52. Thus, the amplifier TFT 52 outputs,
from the source, an output voltage Vout which is higher than that achieved with the conventional configuration. Here,
note "Vout ≤ (high level of Vpulse2)". Therefore, in a case where the period T2 is set to end at the same time with or
after turning off of the amplifier TFT 52, the electric potential VnetA achieves an effect of increasing the output voltage
Vout more largely as compared with the conventional configuration, i.e., widens a light-dark difference with respect to
the output voltage Vout more largely as compared with the conventional configuration, within a range of "VnetA ≤ (high
level of Vpulse2) + Vth". On the other hand, in a case where the period T2 is set to end before turning off of the amplifier
TFT 52, if the electric potential VnetA is set to satisfy "VnetA > (high level of Vpulse2) + Vth", the output voltage Vout
stops increasing when reaching a value close to the high level of Vpulse2 at some point in time during the period T2.
However, since the output voltage Vout changes faster than that in the conventional configuration, the electric potential
VnetA achieves an effect of widening, until the output voltage Vout stops increasing, a light-dark difference with respect
to the output voltage Vout more largely as compared with the conventional configuration. From the time t4, the output
period T2, which is for sensor output, begins.
[0090] Here, assume that a total capacitor value Ctotal is expressed by: 

(each capacitor value in the right-hand side is indicated by a name of the corresponding capacitor), and

and 

Then, a boost value ∆V1netA, which is a value by which the electric potential VnetA is boosted by the voltage Vpulse1,
is expressed by: 

Further, a boost value ∆V2netA, which is a value by which the electric potential VnetA is boosted by the voltage Vpulse2,
is expressed by: 

Note that "Vpulse1p-p" represents a peak-to-peak voltage of Vpulse1, whereas "Vpulse2p-p" represents a peak-to-peak
voltage of Vpulse2. In the above example, each of the Vpulse1p-p and Vpulse2p-p is 20V.
[0091] Thus, a total boost value ∆VallnetA, which is a value by which the electric potential VnetA is boosted by the
voltage Vpulse1 and the voltage Vpulse2, is expressed by: 
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[0092] Here, (i) a voltage of the present embodiment to be applied to the drain of the amplifier TFT at the timing (=
time t3) at which the pulse of the voltage Vpluse1 rises is different from (ii) a voltage of the previously-described con-
ventional configuration to be applied to the drain of the amplifier TFT at the timing (= time t3). Therefore, (i) ∆V1netaA
and (ii) ∆VnetA, which is achieved by the conventional configuration, are slightly different from each other; however,
∆V1netA and ∆netA are almost equal to each other. Accordingly, ∆VallnetA is greater by approximately ∆V2netA than
∆VnetA, which is achieved by the conventional configuration. Consequently, the output voltage Vout, which has a value
corresponding to the electric potential VnetA, becomes greater than that of the conventional configuration.
[0093] By reading the output voltage Vout by the source driver 4 in the output period T2, it is possible to detect the
sensor output of the photosensor 54, i.e., the intensity of the light emitted to the photosensor 54. Here, since the output
voltage Vout has an enlarged dynamic range, the analog-digital conversion circuit 45 has an enlarged input dynamic
range. Therefore, the analog-digital conversion circuit 45 can read a light-dark difference with a high resolution.
[0094] At a time t5, at which the output period T2 ends, the voltage Vpulse2 of the power source V0 is set to a low
level (here, 0V). Subsequently, at a time t6, the voltage Vpulse1, which is applied by the sensor scanning circuit 6, is
set to a low level (here, 0V). Thus, the sensor driving period ends.
[0095] In the above operation for driving the sensor circuit SC, the pulse (second pulse) of the voltage Vpulse1 is
applied to the node NetA, i.e., the gate of the amplifier TFT 52 via the capacitor 53 during a period from the time t3 to
the time t6; whereas the pulse (first pulse) of the voltage Vpulse2 is applied to the drain of the amplifier TFT 52 during
the output period T2.
[0096] Fig. 2 shows a concrete example of waveforms of voltages and an electric potential observed during the output
period T2.
[0097] In the period T2, the electric potential VnetA increases gradually; however, the electric potential VnetA is almost
constant. On the other hand, the output voltage Vout continuously increases with a time constant corresponding to the
load(s) provided in the downstream of the source of the amplifier TFT 52.
[0098] Fig. 3 shows (i) waveforms of the electric potential VnetA and the output voltage Vout of the present embodiment
(the ones shown in Fig. 2) and (ii) waveforms of the electric potential VnetA and the output voltage Vout of the conventional
configuration (the ones shown in Fig. 9). The electric potential VnetA of the conventional configuration, which is indicated
by broken lines, is boosted to approximately 11.02V in the output period T2. On the other hand, the electric potential
VnetA of the present embodiment, which is indicated by continuous lines, is once boosted to approximately 10. 71 V at
the end of the period T1, and thereafter is further boosted to approximately 13.25V, which is higher by 2.54V than 10.71V,
in the output period T2. Thus, the electric potential VnetA of the present embodiment is higher by approximately 2.23V
than that of the conventional configuration.
[0099] Further, the output voltage Vout of the conventional configuration is 0.86V at the end of the output period T2,
whereas the output voltage Vout of the present embodiment is 1.26V, which is higher by 0.40V than that of the conventional
configuration.
[0100] Thus, in the present embodiment, the pulse is applied to the drain of the amplifier TFT 52 in the output period
T2, whereby the electric potential VnetA is boosted. This boost effect is greater than a bootstrap effect achieved in a
case where a constant voltage is always applied to the drain. Therefore, the present embodiment can make the electric
potential VnetA higher than that achieved by the conventional configuration. Accordingly, the present embodiment can
increase a light-dark difference with respect to the output voltage Vout. Further, it is possible to boost the electric potential
VnetA largely merely by applying the pulse of the voltage Vpulse2 to the drain of the amplifier TFT 52. However, in
addition to this, as in the example above, applying in advance the pulse of the voltage Vpulse1 to the node NetA via the
capacitor 53 results in two-stage boosting, thereby making it possible to boost the node NetA quite largely.
[0101] In the above example, a timing at which the pulse of the voltage Vpulse1 falls is set so as to be after a timing
at which the pulse of the voltage Vpulse2 falls. However, the present invention is not limited to this. Alternatively, the
timing at which the pulse of the voltage Vpulse1 falls may be set so as to be after a timing at which the pulse of the
voltage Vpulse2 rises but before the timing at which the pulse of the voltage Vpulse2 falls. In this case, the output period
T2 begins at the timing at which the pulse of the voltage Vpulse2 rises, and ends at the timing at which the pulse of the
voltage Vpulse1 falls. In this case, the output voltage Vout may be detected during this period.
[0102] In the sensor circuit SC, each of the capacitors Cdgs, Cst, Cagd, and Cags may be a parasitic capacitor or a
capacitor intentionally formed by opposing electrodes. In order to increase the total boost value ∆VallnetA, α and β may
be increased. However, for example, if Cagd is increased in order to increase β, Ctotal is increased accordingly, so that
α is reduced. In view of this, it is preferable to set the capacitor values while considering balance therebetween.
[0103] Furthermore, in the above example, each of (i) the high level of the voltage Vpulse1 and (ii) the high level of
the voltage Vpulse2 is set to be equal to that of the voltage Vpulse1 of the conventional configuration, in order that the
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power source section and the IC can be configured according to architecture similar to conventional one with the power
source voltage unchanged and that an increase in the number of power source voltage levels is prevented for avoiding
complexity in the configuration of the power source section. However, either of or both of (i) the high level of the voltage
Vpulse1 and (ii) the high level of the voltage Vpulse2 may be further increased so as to increase the total boost value
∆VallnetA. In this case, it is preferable to consider balance between (i) the high level of the voltage Vpulse1 and the high
level of the voltage Vpulse2 and (ii) each capacitor value.
[0104] In particular, applicable capacitors and voltages vary depending on the product specification of the display
device. Therefore, it is preferable to design the power source section according to this, in order to maximize the total
boost value ∆VallnetA.
[0105] As described above, the present embodiment increases the output of the source follower of the amplifier TFT
52, i.e., enlarges the dynamic range of the output of the photosensor, thereby making it possible to detect a greater light-
dark difference with respect to light emitted to the photosensor 54, as compared with that of the conventional configuration.
Furthermore, according to the present embodiment, it is possible to enlarge the dynamic range without (i) increasing a
power source voltage for the photosensor 54 or (ii) increasing a size of an element in order to increase the electric
potential at the gate.
[0106] Thus, the present embodiment can provide a display device including a display region provided with a photo-
sensor, which display device is capable of enlarging a dynamic range of a sensor output, without (a) increasing a power
source voltage for the photosensor or (b) reducing an aperture ratio of a pixel.
[0107] This effect is, in other words, to increase a current outputted by the amplifier TFT 52. Since the output voltage
Vout is increased, it is also possible to reduce the output period T2. Further, since the output voltage Vout is increased,
it is also possible to reduce the capacitor value Cst of the capacitor 53 and accordingly to reduce an area occupied by
the capacitor 53, so as to increase an aperture ratio of a pixel. Furthermore, since the current outputted by the amplifier
TFT 52 is increased, it is also possible to reduce a channel width of the amplifier TFT 52 and accordingly to reduce an
area occupied by the amplifier TFT 52, so as to increase an aperture ratio of a pixel. Moreover, thanks to the above
effect, it is also possible to reduce the respective peak-to-peak voltages of the voltages Vpulse1 and Vpulse2 in the two-
step boosting, so as to make it possible to use an IC having a low durability and reduce cost.
[0108] The present invention is not limited to the description of the embodiments above, but may be altered by a skilled
person within the scope of the claims. An embodiment based on a proper combination of technical means disclosed in
different embodiments is encompassed in the technical scope of the present invention.

Industrial Applicability

[0109] The present invention is suitably applicable to display devices employing fingerprint authentication and/or a
touch panel, each of which uses a photosensor.

Reference Signs List

[0110]

1 Liquid crystal display device (display device)
4 Source driver (light intensity detecting means)
11 TFT (transistor)
52 TFT
53 Capacitor
54 Photosensor
Vout Output voltage (output of source follower)
Vpulse1 Voltage (second pulse signal)
Vpulse2 Voltage (first pulse signal)

Claims

1. A display device of matrix type, comprising:

photosensors, provided in a display region, each for outputting a signal corresponding to an intensity of light
emitted to the photosensor;
thin-film transistors of n-channel type, the thin-film transistors each serving as a source follower including a gate
to which the signal is inputted; and
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light intensity detecting means for detecting the intensity of the light by detecting an output of the source follower,
which is the thin-film transistor,
each thin-film transistor including a drain to which a first pulse signal having a first pulse is inputted, the first
pulse rising from a low level to a high level in a state where the signal is inputted to the gate of the thin-film
transistor.

2. The display device as set forth in claim 1, further comprising:

a capacitor having a first end connected with the gate,
the capacitor having a second end which is opposite to the first end and to which a second pulse signal having
a second pulse is inputted, the second pulse rising from a low level to a high level before a timing at which the
first pulse rises, and the second pulse falling from the high level to the low level after the timing at which the
first pulse rises.

3. The display device as set forth in claim 2, wherein:

the second pulse falls from the high level to the low level after a timing at which the first pulse falls.

4. The display device as set forth in claim 2 or 3, wherein:

(i) an electric potential of the high level of the first pulse and (ii) an electric potential of the high level of the
second pulse are equal to each other.

5. The display device as set forth in any one of claims 2 through 4, wherein:

at an earlier one of (i) a timing at which the first pulse ends and (ii) a timing at which the second pulse ends,
the output of the source follower has an electric potential lower than an electric potential obtained by subtracting
(i) a threshold voltage of the thin-film transistor from (ii) an electric potential at the gate of the thin-film transistor.

6.  The display device as set forth in any one of claims 1 through 5, wherein:

the photosensor and the thin-film transistor are provided in each pixel row.

7. The display device as set forth in any one of claims 1 through 6, wherein:

the display region is made of amorphous silicon.

8. The display device as set forth in any one of claims 1 through 7, wherein:

the first pulse signal is generated by a circuit provided in the display region in a form of a chip on glass.

9. The display device as set forth in any one of claims 1 through 8, wherein:

the photosensor is a diode-connected transistor, and the photosensor includes a cathode connected with the
gate of the thin-film transistor.

10. The display device as set forth in any one of claims 1 through 9, wherein:

the display region includes liquid crystal as a display element.

11. A method for driving a display device of matrix type,
the display device including:

photosensors, provided in a display region, each for outputting a signal corresponding to an intensity of light
emitted to the photosensor;
thin-film transistors of n-channel type, the thin-film transistors each serving as a source follower including a gate
to which the signal is inputted; and
light intensity detecting means for detecting the intensity of the light by detecting an output of the source follower,
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which is the thin-film transistor,
said method comprising:

inputting a first pulse signal having a first pulse to a drain of each thin-film transistor, the first pulse rising
from a low level to a high level in a state where the signal is inputted to the gate of the thin-film transistor.

12. The method as set forth in claim 11, further comprising:

inputting, via a capacitor, a second pulse signal having a second pulse to the gate, the second pulse rising from
a low level to a high level before a timing at which the first pulse rises, and the second pulse falling from the
high level to the low level after the timing at which the first pulse rises.

13. The method as set forth in claim 12, wherein:

the second pulse falls from the high level to the low level after a timing at which the first pulse falls.

14. The method as set forth in claim 12 or 13, wherein:

(i) an electric potential of the high level of the first pulse and (ii) an electric potential of the high level of the
second pulse are equal to each other.

15. The method as set forth in any one of claims 12 through 14, further comprising:

setting a period of the first pulse so that, at an earlier one of (i) a timing at which the first pulse ends and (ii) a
timing at which the second pulse ends, the output of the source follower has an electric potential lower than an
electric potential obtained by subtracting (i) a threshold voltage of the thin-film transistor from (ii) an electric
potential at the gate of the thin-film transistor.
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